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The present paper examines the possibility of asymmetric effect of the adjacent to 
barrier physically different media, or anisotropic structure of the barrier itself, on 
probability of the oppositely directed transitions of current carriers through the poten-
tial barrier. It is shown, that in the above cases transparency of the barrier can be ani-
sotropic. Consequently, there is a possibility that the chaotic thermal motion of parti-
cles may self-transform into the ordered motion. Stationary state of such systems turns 
to be different from thermodynamical equilibrium, which, in its turn, results in possi-
bility of the effective work due to spontaneous cooling of the barrier region. Thermo-
dynamics of these processes is being considered herein. 
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 Introduction. 
 
Several methods, using which thermal energy can be transformed into effective 
work are known. Transformation goes, for instance, due to Zeebeck effect /1, page 321/, 
underlying the work of thermocouples. In this case, to have electromotive force (EMF), 
the pair of two different conductive materials are to be maintained in contact at varying 
temperatures. EMF exhibits itself also when temperature gradient is maintained in a ho-
mogeneous conductive material /2, page 18/. EMF is stipulated here both by the diffusion 
of the carriers, originating from the hotter region, and the flux of phonons, transporting 
the same. It is essential, that transformation of thermal energy into the effective work 
takes place in this and another known cases only in thermodynamically non-equilibrium 
systems and is accompanied by entropy gain. Conversion of thermal energy into the effec-
tive work in equilibrium systems (i.e. realization of the so-called “perpetuum mobile of 
the second kind”) is deemed to be impossible. This postulate is reflected in the second 
law of thermodynamics. 
Phraseology of the second law has several options. For instance, in /4, page 60/ 
analysis of 18 fundamental statements is presented. One of those is Kelvin’s postulate, 
according to which it is impossible to make such a machine, operating in a cyclic mode, 
the only effect of which could be extraction of heat from a reservoir and commitment of 
the equal to the same quantity of work /5, page 109/. The modern wording is as follows: 
“if in a certain moment of time entropy of the closed system is different from the maxi-
mum, then in the follow-up moment entropy does not subside: it either grows or stays 
constant” /6, page 45/. The first wording reflects the practical aspect of implementation of 
thermal energy, whereas the second dwells on the statistic character of description of 
macroscopic systems. 
 2 
 
Utopian “perpetuum mobile of the second kind”. 
Numerous attempts to develop the new methods of transformation of equilibrium 
thermal energy into effective work were undertaken and published in scientific and patent 
literature. In one of those papers /7/, for instance, the author speaks about embodying the 
cyclic process, implicating the stages of stretching, cooling, compression and heating of a 
spring, so, that due to the growth of its rigidity during cooling, the effective work is done. 
In /8-10/ he discusses straightening of fluctuations in the structures featuring non-linear 
volt-ampere characteristic. 
It can be pointed, with respect to /7/, that in the approximation, according to which 
rigidity of the spring depends on temperature, its adiabatic deformation would not be iso-
thermal, as opposed to what it said in /7/. This can be easily get, if dependence of the 
modules of overall compression and shear, as well as of thermal expansion factor on tem-
perature are considered, as they are expressed in the form of free energy of a body /14, 
page 28/. In this case the difference of temperatures of the heater and the cooler, as well 
as the amplitude of deformation happen to be bound by inequality, which provides for 
lower efficiency of such a process, than that of Carno cycle. 
In /50/ it is proposed to transform heat into effective work using some thermally 
inhomogeneous systems, and it is stated, that having the self-organization phenomenon at 
hand, one can obtain the negative production of entropy. Criticism of what is postulated 
in this paper is presented in /51/. 
In /8-10/ several schemes of embodying the patented method are presented. The 
peculiarity, similar to all of them is, that using the non-linear elements, for instance di-
odes, a physically microscopic volume is isolated. Due to thermal fluctuations, accompa-
nying exchange by the carriers of the current inside the isolated volume, with the external 
medium via non-linear elements, the electric charge and, consequently, the potential of 
the isolated volume become alternating. It seems here, ex facte, that detection of fluctua-
tions will take place here, resulting, naturally, in the constant component of current to oc-
cur. However, as the analysis shows, the increasing intensity of transitions of current car-
riers through the non-linear element in the forward for the same direction from the 
charged isolated volume is compensated by the decreased intensity of transitions in this 
direction through another non-linear element, provided that the isolated volume is non-
charged. As a matter of fact, in the first case the charged system commits its work with 
the electron being considered, whereas in the second case the electron commits the equal 
work aimed at charging the system. 
The above factors considered for in the expression for probability of thermal fluc-
tuations, the average current and the energy generated turn to be equal to zero. Absence 
of current generation in equilibrium conditions also is recorded for the devices, patented 
in /11-13/, as well as in another well-known to those skilled in the art technical solutions. 
In general it is worth saying, that the methods of implementation of equilibrium 
thermal energy for the effective work to be performed are either unknown or “restricted” 
by the second law of thermodynamics. 
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Pseudo-perpetuum mobiles. 
Beside the utopian “perpetuum mobiles”, in which the processes, violating the first 
and the second laws of thermodynamics are implemented in the area, where they can be 
correctly used (i.e. “perpetuum mobiles” of the first and the second kind), the so-called 
“pseudo-perpetuum mobiles” exist. One of the widely met everywhere mechanisms of 
this type is the device for winding the mechanic watches, converting the essentially cha-
otic movements of human hand into strictly directed movement of pointer. Also known 
are the devices, based on the principle of fluctuation of atmospheric pressure and tem-
perature, etc /15, page 221/, providing the directed motion of the working body. It is evi-
dent, that these devices do not need any additional energy sources to operate them and 
can work, virtually, without any limits. The peculiarity of these pseudo-perpetuum mo-
biles is implementation of mechanical “anisotropic barriers”, like ratchet gear, providing 
asymmetry of the working body with respect to the exterior effects. 
Miniaturization erases to some extent the border between macroscopic (for the 
present scales of the device) and microscopic (thermal) fluctuations of physical parame-
ters. The problem of the minimum size of the device, converting the chaotic fluctuating 
effect of the environment into the directed motion of the working body is still acute /48, 
49/. 
The example of the so-called “perpetuum mobile of the second kind” by Thomson-
Planck is known in statistical physics, - the device, the effect of which exhibits as peri-
odical positive work due to cooling of only one body, without any changes caused in an-
other bodies /16, page 53/. Such a process is only possible in the systems of nuclear and 
electronic spins. Their thermodynamic “extraordinary” feature is stipulated by the limited 
on the upper side energy spectrum, which makes it possible to obtain negative tempera-
tures. 
 
Spatial asymmetry of micro-transitions. 
 
The ability of symmetric influence of the adjacent to barrier physically different 
media, or the anisotropic structure of the barrier itself, on probability of opposite transi-
tions of current carriers through the potential barrier is worth examining. Anisotropic 
transparency of the barrier to current carriers results in the ability of transformation of en-
ergy of the chaotic thermal motion of electrically charged particles into the energy of their 
directed motion. Such a transformation, in its turn, gives the chance for the effective work 
to be made due to cooling of the barrier region. The present thermodynamical paradox 
must be analyzed in every detail. 
 
Currently known factors, limiting adaptability of the second law of thermodynamics. 
Spontaneous cooling of the barrier region, i.e. exhibition of its anisotropic trans-
parency, seemingly contradicts the second law of thermodynamics. However, any physi-
cal law has the restricted area of application. Applicability of the second law of thermo-
dynamics is also known to be restricted with respect to big gravitating systems, on the 
hand, and to the motion of singular bodies, on the other hand /6, с. 46, 16, с. 19/. 
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As it is believed, the processes, considered in the present paper, due to the 
reasons mentioned below, also fail to be meet the conditions of the correct application of 
the above physical law. 
It has to be mentioned, that despite the numerous theoretical studies and quite 
credible experimental proofs, the problem of physical substantiation of the law, governing 
monotonous growth of entropy, still remains under-examined /6, page 45/. Until present 
the second law of thermodynamics has not been substantiated in terms of classical quan-
tum mechanics or the field theory /6, page 44-49/. That is why, strictly speaking, it is still 
being viewed only as some trustworthy scientific postulate /5, page 109/. 
The second law of thermodynamics was formulated 150 years ago, when the aver-
aged properties of gigantic assembles of particles exhibited themselves practically in 
every processes observable. The only microscopic effect, in which averaging was not 
quite complete, was the Brownian motion (1827). To date, as microelectronic technolo-
gies develop, the dimensions of certain devices tend to the atomic scale. As a result, the 
structures, in which interaction of separate particles and the complete ensemble of them is 
combined in a more sophisticated manner, than in Carno machine, became practical. 
Theoretical studies of transition of current carriers in semi-conductor anisotropic 
structures revealed, that some factors exist, stipulating asymmetry of the intensities of the 
direct and backward transitions of particle systems, when they move thermally between 
the groups of micro-states, corresponding to the state, when the particles are on the dif-
ferent sides of the potential barriers. In particular, the time of relaxation of medium is one 
of such factors /17/. Asymmetry of micro-transitions poses certain limitations on the level 
of anisotropy in stationary state and, correspondingly, on applicability of the second law 
of thermodynamics, as it describes these systems. 
With asymmetry of micro-transitions considered for, the stationary state of the 
above systems becomes thermodynamically “extraordinary” and stabilizes at incomplete 
thermodynamic equilibrium, acknowledged as the equality of thermodynamical parame-
ters of all its sub-systems. Stationary values for the levels of Fermi sub-systems become 
different as well. 
 
The effect of the adjacent media on transparency of the barrier. 
Potential barriers of various types for current carriers in solid bodies are widely 
used in electronics. These are, for instance, semiconductor heterojunction structure, 
Schottky barriers, metal-dielectric- semiconductor systems, etc. The properties of these 
barriers were studied in numerous theoretical and experimental endeavors /18, 19/. 
The significant aspect of tunneling theory is the effect, the medium, surrounding 
the barriers, poses on its transparency. It is known, for instance, that interaction of elec-
tron, crossing the potential metal - semiconductor barrier, with the induced electric charge 
in the metal, results in the reduction of height of the potential barrier /2, page 240/. This 
phenomenon is known as Schottky effect. For immobile charged particles, located close 
to the conductive surface, this effect was studied quite exhaustively. The power, effecting 
the electric charge, exhibits also near the interface of the two non-conductive media with 
different dielectric permittivity /20, page 61/. Thus, the formalism of dielectric permittiv-
ity with consideration for spatial dispersion and using the Green function, is applicable in 
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theories of absorption, catalysis, etc, as well as when studying inter-electronic 
actions in layered high-temperature superconductors /21/. 
In /22, page 264/ being studied is the question: what, in fact, has to be understood 
as the value of dielectric permittivity ε when considering the process of electronic ex-
change through the barrier. The value ε may differ from the statistic one, as it is pointed, 
since during emission the time of flight of electron through the barrier region may be less 
than that, required for polarization of semiconductor. However, it is shown further, that 
dielectric permittivity of silicon practically equals to the statistical value. The appropriate 
theoretical assessments and experimental data are presented. 
In some papers the dynamic effects, accompanying the tunneling process are con-
sidered, resulting in dependence of the height of the potential barrier on the energy of the 
tunneling particle /23-25/. In /23/, for instance, the expression for the potential, in which 
the point particle, crossing the gap between two (different in general case) conductive 
media was drawn, using the formalism of dielectric permittivity (the processes of dissipa-
tion not considered for). In /24, 25/ the similar calculations were made by path integrals 
methods, with consideration for interaction of the particle with surface plasmons in the 
media, separated by the barrier. The expressions, demonstrating dependence of the barrier 
height on the particle energy were drawn, which provides the refined expression for prob-
ability of tunneling. 
 
The effect of relaxation on barrier height. 
The effect of initial conditions on probability of transitions through the barrier in 
anisotropic structures with finite time of relaxation was not studied exhaustively until 
now. In the meantime it has to be born in mind, that the charge carriers in plasma, in par-
ticular in solid state plasma, are represented by quasi-particles, coated by correlation 
charge, stipulated by both Coulomb and exchange interaction. It is significant, that the pa-
rameters of the coat, such as screening radius, for instance, or correlation energy, are dif-
ferent for the different media, as the characteristics of quasi-particle, consequently. It is 
not less significant, that both formation of correlation charges, when the charged particles 
enters the medium, and their vanishing, when the particles escapes, are not the instant 
processes, - they occur during the time of Maxwell relaxation or the period of the natural 
oscillations of plasma (the lattice relaxes at the time approximately equal to the period of 
atomic oscillations). Finally, the time of transition of the particle through the barrier (tun-
neling time), which still is under discussion and had not been identified strictly until now 
/26/, nevertheless depends on relation of its energy and the parameters of the barrier and, 
can be bigger or less than the characteristic times of the corresponding degrees of free-
dom of media, with which the tunneling particle interacts. 
The above factors prove, that when interaction of the charged particles, crossing 
the barrier with correlation charges is considered in case of physically different media, 
separated by the potential barrier, its local transparency (barrier height) turns to be de-
pendent on pre-history of the process (initial conditions of transition through the barrier) 
and, correspondingly, on the direction of motion of the charged particle. 
Thus, if certain parameters of media can be selected, the conditions can be 
achieved, when the average height of barriers for the opposite directions of carrier motion 
may become significantly different. 
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It is known, that with the generally assumed equality of barrier height for the 
oppositely directed particles, stationary states of the separated by the barrier sub-systems, 
characterized by equality of exchange currents, settle with the equal thermodynamical pa-
rameters. Consequently, it can be expected, that in case, when the average height of the 
barrier for the opposite directions of carrier motions are different, stationary states of sub-
systems will settle with the shift of thermodynamical parameters, in particular, with the 
shift of the levels of electro-chemical potential, which is proportional to the difference of 
the average heights of the barrier. 
 When the media are locked by an exterior electric circuit via the identical barrier, 
the stationary state will settle in the resulting system with the shifted thermodynamical pa-
rameters of sub-systems, although with a zero complete current over the present closed 
electric circuit. However, when media are closed by means of an exterior circuit without 
barriers, or featuring more transparent barriers, stationary state in the system will be 
achieved only at the incomplete non-zero current, due to different stationary shift of 
Fermi levels at each of the contacts. Thus, the electric current is energized in the circuit, 
which may include the effective load. As a consequence, conversion of energy of chaotic 
(thermal) motion of current carriers into the energy of their directed flux can be achieved, 
which may be used for commitment of effective work, as well as for cooling of the adja-
cent to the transformer medium. 
 It is worth mentioning, that due to anisotropy of the barrier height, the energy 
spectrum of counter-propagating fluxes of particles has to be a little different. As a con-
sequence, even at the completely zero current energy transfer through the barrier will oc-
cur, compensated by heat transfer over the ion lattice. Peltier effect is the closest in its es-
sence to the present process /20, page 147/. When considering the energy flux in the cir-
cuit, it can be revealed that the region in the vicinity of anisotropic barrier will be cooled, 
and the corresponding energy release will take place on the resistor of the exterior load. 
The total energy release of the whole system is equal to zero, according to the law of en-
ergy conservation. 
When the barrier temperature or the average temperature of the contacting media 
tends to the absolute zero, Fermi levels tend to the unified for all the system Fermi en-
ergy, independent from the parameters of the barrier, since electrons can transit only into 
the unoccupied states. Current generation in this case stops. 
 Asymmetry of probability of the opposite transitions through the barrier in anisot-
ropic semiconductor structures can be shown both in the classical approximation and the 
quantum description of this phenomenon. 
 
The effect of relaxation on the height of Schottky barrier. 
Let us assume, that the barrier (fig.1) is insufficiently wide (Schottky barrier with 
impurity-doped semiconductor), such, that electron can be viewed as the classical point 
particle /2, page 240/ and the effect can be considered within the ranges of the accepted in 
Schottky theory formalism. The Schottky theory can be refined, as interaction of the elec-
tron, moving through the barrier, is considered not only for the conductive metal surface, 
but the conductive medium of semiconductor. In case, when interaction of electron with 
the conductive medium of semiconductor can be described similarly to the interaction 
with metal in approximation of electrostatics, for instance by the method of image 
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charges, solution of the problem of the second conductive surface will not cause 
any trouble /18, page 131/. However, usually such an interaction is not considered due to 
comparative negligibility of the effect. 
 
 
Fig.1 
Fig. 1. Energy diagram of the blocking junction of the two media (Schottky barrier). In-
dex m stands for the parameters of the rapidly relaxing medium (metal), index s – for the 
slowly relaxing medium (semiconductor). Fm and Fs – are Fermi levels, Ucm and Ucs – en-
ergies of the bottom of conductive band, Fv – the rest energy of electron in vacuum, ξm 
and ξs – chemical potentials, Um and Us – energy of image force of media, Wс – correla-
tion energy, Аm – work of escape into vacuum from fast-relaxing medium, Bso – elec-
tronic similarity of slowly-relaxing medium (work of escape into vacuum from the bottom 
of conductive band without correlation energy considered), Фmo and Фso – work function 
without image force considered, Фm and Фs – work function with image force considered, 
Фδ - difference of barrier heights with energy considered and not considered for, Us, Uρ - 
profile of energy barrier without mirror image force considered, U – electric potential of 
slowly-relaxing medium relative to the fast-relaxing one, хm – coordinate of the maximum 
potential barrier relative to the medium potential barrier, d – barrier width (region, de-
pleted with current carriers), euko – barrier height relative to the bottom of the conductive 
band of slowly-relaxing medium at zero difference of electric potentials between media 
without consideration for image force and correlation energy, euk – barrier height relative 
to the bottom of conductive band of slowly-relaxing medium at zero difference of electric 
potentials between the media. The arrows point to the directions of transitions. 
 
To correctly use approximation of electrostatics, the time of Maxwell relaxation, in 
particular, has to be far less, that the time needed for electron to overcome the barrier. In 
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case of metals this condition is fulfilled well, as a rule. As for semiconductors, 
their electric conductivity may vary in a dramatically wide range. It may be selected such, 
that the time of relaxation of semiconductor medium will be comparable with characteris-
tic time of electronic passage. 
Let the current carrier move through the barrier made of metal towards semi-
conductor, featuring quite a big time of relaxation, such, that at the period, starting from 
takeoff of the carrier towards the barrier region up to the moment it reaches its peak, the 
“mirror” charge in semiconductor would not have enough time to form. The height of the 
barrier in this case will be defined by electrostatic interaction of the current carrier only 
with the free charges of the metal. 
 Let us consider the opposite case, when the current carrier moves from semi-
conductor towards metal. In this case semiconductor medium is assumed to be originally 
relaxed, - the carrier is surrounded by the coat represented by correlation charge. The 
height of the barrier in this case is defined by interaction with electric charges in both 
media, or the medium with higher summarized charged, to be more precise, and, corre-
spondingly, turns to be a little lower, than in the first case. 
 It is worth mentioning, that formally in a stationary “smooth” potential, which in 
the proximity of the peak may be considered parabolic, the particle with full energy, 
which is strictly equal to the height of the potential barrier, reaches the same within the 
infinite time, which will seemingly result in equal relaxation of media for the oppositely 
directed particles with the limiting energy, thus removing anisotropy. 
 However, the charged particle, as it moves in the barrier region in the proximity of 
the conductive surface, excites the alternating current in the conductive medium, thus dis-
sipating some part of its energy. This results in friction force, depending on speed to oc-
cur. Description of such an effect is presented in /20. page 538/. That is why for the parti-
cle to overcome the barrier some more energy will be needed (as much as the dissipation 
losses, depending on the properties of the media), i.e. more than the potential barrier 
height. Consequently, the effective height of the barrier for the opposite directions of par-
ticle movement will be different, as relates to different adjacent media. 
 Above all, it is quite evident, that with thermal fluctuations of potential taken into 
consideration, the time period, during which the electron, featuring any initial pulse, stays 
near the peak of the barrier becomes finite. 
 Thus, the energy potential occurs, in which the current carriers can move only in 
one direction. Compensation of the excessive current of the carriers throughout the above 
energy interval takes place at the corresponding shift of Fermi levels. 
 
A transparent in terms of tunneling barrier. 
 Let us now consider another extreme case of the narrow, if compared with electron 
wavelength barrier (tunnel barrier), which may be represented here by semiconductor het-
erojunction. In this case anisotropy of the barrier height also is present, stipulated by in-
teraction of the tunneling particle with the relaxing correlation charges, which, at the 
closer look, should be considered as the combination of quantum fields of quasi-particle 
excitations. Above all, some of the factors, described below, make a certain contribution 
to anisotropy of the tunneling process. 
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 To describe anisotropy of the barrier, interaction of the tunneling 
electron with quasi-particle excitations in the adjacent to the barrier media should be 
taken into consideration obligatory. Should this interaction be neglected, the wave func-
tion of electron becomes coherent for all the volume under consideration. In this situation 
Kramers theorem becomes true /27, page 102/, according to which asymmetric with re-
spect to operation of spatial reflection band of energy are impossible. The theorem is 
proved by complex conjugation of Schredinger equation. Hamiltonian of the equation, 
still remaining real, undergoes auto-transformation, although the wave vector of electron 
changes the sign to the opposite one, which is true for any symmetry of crystal. Since 
transition to the complexly conjugated Schredinger equation is equivalent to change of 
the sign of time, here we use, in fact, the symmetry of Schredinger equation relative to in-
version of time. 
 Consequently, to have spatial asymmetry, the situation, in which Hamiltonian of a 
separate electron is asymmetric with respect to inversion of time have to occur. Such a 
situation occurs, when transition of electron into the alternative state is significantly ef-
fected by interaction of the same with the system, described rather by statistical equations, 
non-symmetrical to time inversion (interaction with statistical ensembles of particles), 
than the mechanical ones (quantum-mechanical, - interaction with non-separate particles). 
 Above all, irreversibility of electron tunneling through the barrier is intrinsic to the 
quantum character of this phenomenon. Essentially, in this case substitution of the wave 
function, corresponding to presence of electron on one side of the potential barrier, for the 
wave function, corresponding to presence of electron on the other side of the barrier, 
takes place, instead of the change of wave function, described by Schredinger equation. 
Thus, in this instance, “reduction of the wave package” occurs /41, page 64/: after tunnel-
ing the state of electron changes irreversibly. Discussion of the acute problem of “reduc-
tion of the wave package” is presented, for instance, in /53/. 
In certain sense the adjacent to the barrier media play the role of measuring de-
vices. With interaction absent, the states of electron are possible, possessing equal prob-
ability of being present (up to the moment of measurement) at the different sides of the 
barrier. However, interaction of electron with a measuring tool (a special probe or a crys-
tal lattice – it does not matter) on one side of the barrier make the probability of identifi-
cation of electron on the other side of the barrier, when measurement is repeated, very 
low (at typical conditions). Irreversibility of this type inserts physical inequivalence of 
both time directions into the tunneling process /42, page 41/. 
The effect of occurrence of stationary, thermodynamically non-equilibrium state in 
hetero-structures is stipulated by inelastic processes, accompanying change of energy of 
the tunneling particle. 
Certain effects of inelastic electron dissipation during tunneling in the barrier are 
known /see, for instance 29/. Generally speaking, manifestation of the tunneling effect, 
accompanied by various excitations, was observed, for instance, in volt-ampere character-
istics of p-n transitions /19. page 262/. 
To qualitatively analyze interaction of a particle with the “takeoff” medium, one 
may consider the energy of a quasi-particle, in the classical (simplified) approximation, as 
the sum of proper energy of electron, energy of the polarized region (correlation coat) and 
energy of electron interaction with the “correlation coat” /45, page 38/. When going 
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through the barrier, electron is “torn off” from its correlation coat. Energy of their 
interaction decreases in this case. When the particle leaves the polarized region infinitely 
long, both energy of their interaction and the energy of the polarized region gradually de-
crease down to zero. On the other side, when the particle infinitely quickly leaves for in-
finity, interaction energy vanishes, but the energy of the polarized region stays as it is. 
Further on this energy dissipates into heat. The share of the dissipating into heat energy of 
the tunneling electron have to be dependent on correlation between tunneling time and the 
characteristic times of formation and dissipation of the correlation coat, as well as the cor-
relation between correlation radius and barrier thickness. Physical processes here are 
similar to the ones, happening during photo-excitation of polaron /37, page 86; 45, page 
61/. However, spatial anisotropy makes inelastic tunneling significantly different from 
photo-excitation of polaron. 
Figs. 2 - 6 are diagrams, illustrating the tunneling process with the effective 
masses of electron on different sides of the barrier taken into consideration, stipulated by 
peculiarities of the crystal lattice, the process of electron-photon interaction also taken 
into consideration. Also presented are the corresponding to the diagrams spectral densi-
ties of current for temperatures T = 100K, 200K, 300K. Above all, the functions of distri-
bution are presented for electrons, corresponding to these temperatures. Similar to Fein-
mann diagrams, the pointer corresponds to Green function of the operator of fermion 
(electron) field. The difference between effective masses of electrons is illustrated by al-
ternating in thickness pointers. The dotted line corresponds to Green function of bosonic 
(phonon) field. Difference of dispersion characteristics of bosons is also illustrated by al-
ternating line thickness. The tip of the diagram corresponds to the tunnel transition and is 
depicted as a circle. Thus, the enlisted diagrams graphically represent the following proc-
esses: 
Diagrams a) and b) fig. 2 symbolically depict the direct and the reverse processes 
of elastic tunneling through the barrier. Fig. 2) – tunneling of the free electron through the 
barrier from the left to the right. The value of the matrix element of this process is pre-
cisely equal to the reverse one, depicted in the diagram in fig. 2(b) 
Figs. 3(a), 4 (a), 5 (a) and 6 (a) – tunneling of electron from the left to the right to-
gether with the processes of radiation and absorption of phonons of the first order. 
           Figs. 3 (b), 4 (b), 5 (b) and 6 (b) – tunneling of electron from the right to the left 
together with the processes of radiation and absorption of phonons of the first order. 
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a) 
 
 
 
b) 
 
Fig. 2 Diagrams and density of the current of elastic tunneling. 
Fig.2 a) – tunneling of the free electron through the barrier from the left to the right. The 
value of the matrix element of this process is precisely equal to the reverse one, depicted 
in Fig. 2 b); 
 
Diagrams of tunneling with consideration to the process of electron-phonon inter-
action of the first order are presented in Figs. 3 – 6. As will be shown below, in case of 
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anisotropic hetero-structures their contribution into the full current going 
through the barrier will be asymmetrical. 
 
 
 
c) 
 
 
 
d) 
 
Fig. 3 Diagrams and density of the current of inelastic tunneling 
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e) 
 
 
 
f) 
 
Fig. 4 Diagrams and density of the current of inelastic tunneling 
 
 
 
 14 
 
 
 
g) 
 
 
 
h) 
 
Fig. 5 Diagrams and density of the current of inelastic tunneling 
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i) 
 
 
 
j) 
 
Fig. 6 Diagrams and density of the current of inelastic tunneling  
 
Asymmetry of phonon spectra of the adjacent to the barrier media. 
It should be noted, that the tunnel barrier demonstrates high transparency to acous-
tic waves, which, as it seems, has to result in similar character of oscillations of the lattice 
in the adjacent regions on both sides of the barrier, from which electrons are released. 
However, it is quite evident, at first, that if the adjacent to the barrier regions are physi-
cally different, then the oscillations in them can not be identical, no matter how close they 
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are. This means, that the matter is not the case, if a similarity exists here or not, but 
how strong this similarity is to be recorded. 
Further, such oscillation modes may exist, which propagate only in one of the me-
dium and exponentially attenuate in another. Let us consider as an example two linear 
chains, consisting from two kinds of atoms. Due to simulative character of the example 
all the parameters will be presented in relative units. Let the correlation of masses in one 
chain correspond to GaAs, and in another – to AlAs. Thus, mGa=70, mAl=30, mAs=75. 
Frequency of optical oscillations for the wave vector q=0 in GaAs chain ωGaAs(0)=36.25, 
and in AlAs chain ωAlAs(0)=50.09. Frequency of optical oscillations at the boundary of 
region near AlAs will be 42,33, whereas near GsAs it will be 26.07. Dispersion curves for 
these chains are presented in fig. 7. 
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Fig. 7 
 
In fig. 7 the dispersion curves for acoustic and optical modes of oscillations of simulative 
one-dimensional two-atom chains of atoms are presented. 
 
Thus, it can be seen, that in this case all the modes of optical oscillations for one 
chain can not propagate in another chain, but will rather attenuate there. In general it is 
understandable, that there can be some oscillation modes (or phonons in a certain energy 
range), which may be general for both the barrier and the two media. However, such pho-
nons should exist, which can live only on the left or the right side of the barrier. 
Above all, even general phonons should have different wavelengths on different 
sides of the barrier. That is why their interaction with the wave function of electron can 
not be similar. Finally, electrons, possessing similar energy, on different sides of the bar-
rier will have different wavelengths, thus interacting with phonons differently. 
 
Barriers with quantum dots or the impurity levels. 
Asymmetry of transparency can be observed in barriers with quantum dots or the 
impurity levels (see /46/, for instance). Let the potential pit (quantum dot) in the barrier 
be such, that at least one quasi-stationary state of electron exists in it. Let the lifetime of 
electron in the potential pit be more than the time of dielectric relaxation of the environ-
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ment, the pit located asymmetrically to the middle of the barrier, for instance closer 
to its left boundary. With relaxation absent, i.e. at the independent from time profile of 
the potential barrier, probability of transition of electron of conductivity, for instance, 
from the right semi-space to the localized state in the pit and the reverse transition from 
the pit to the right semi-space will be equal. The same has to be true for electron ex-
change of the pit with the left semi-space. However for the case under consideration – the 
asymmetrically located potential pit, frequency of exchange of electrons between the pit 
and the left semi-space will be higher than that of exchange in the reverse direction. It is 
easy to demonstrate, that the equal to zero full current going through the barrier will settle 
at the equal Fermi levels of the adjacent to barrier media. 
Let us remember at this point, that during the lifetime of electron in the pit the me-
dium manages to relax. The pit in this case becomes deeper and the full energy pf elec-
tron drops. As a result of energy drop the velocities of the reverse transitions of electrons 
from the pit into semi-spaces will become lower than the velocities of the direct transi-
tions. In the case under consideration, due to different widths of the barriers, separating 
the pit from electrically conductive semi-spaces, the velocity of transition from the pit 
into the right semi-space has to decrease stronger, than that of the left one. Here the cur-
rent equal to zero, going through the barrier, settles already at the different Fermi levels 
for the adjacent to the barrier media. In our case of the so-called “preferable” transition of 
electron through the quantum dot from the right to the left, the equal to zero current has to 
settle at the decreased Fermi level of the right medium, as relates to the left one. It be-
comes evident than, that if we abridge these two media to one another without barriers, 
then in the circle formed the current equal to zero has to be sustained in a stationary 
mode. 
 
Calculations of current density in approximation of tunneling Hamiltonian with con-
sideration the electron-phonon interaction. 
Generally speaking, the subsequent consideration of tunneling asymmetry has to 
be done by methods of density matrix or Green function. However, in some approxima-
tion, in case of relatively low frequency of electron dissipation on another quasi-particles, 
and even lower frequency of tunneling through the barrier, the situation can be explained 
by inserting the vectors of states of electrons in the contacting media “l” and “r”. 
 According to the abovementioned qualitative analysis, and as it will be shown in 
more detail further, the matrix elements of the tunneling Hamiltonian |Tlr|2  in general 
case, will not be obligatory equal to |Trl|2. That is why the more refined as compared to (1) 
from /18, page 65/ expression for current j will look like: 
[ ]∑∫ −−−ΝΝ=
tk
lrrlrllrrl ffTffTdEej )1(||)1(||4 22
h
pi
, (1) 
where е – elementary charge; h - Planck constant; Nl, Nr и fl, fm –densities of sates 
and distribution functions for media “l” and “r”, correspondingly; kt – transverse wave 
vector; Е – energy of electron (hole). 
 As can be easily seen from (1), at |Tlr|2 ≠ |Trl|2, the stationary state, at which j=0, 
settles with unequal Fermi levels of media Fl and Fr. 
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 Let us show in more detail how anisotropy of tunneling transparency of 
the barrier occurs in case of virtual processes of absorption and radiation of phonons by 
the tunneling electron in the adjacent to the barrier physically different media. Let us con-
sider, that the temperature, included into distribution functions of Fermi and Bose, is 
equal all around the system. 
 To solve the problem it is convenient to use the method of tunneling Hamiltonian, 
first used to describe tunneling process in solid bodies by Bardin /43/ and Harrison /44/. 
We assume here, that the lifetime of quasi-electron tends to infinity. This gives us the 
ability to approximate spectral function of electron /19, page 140/ δ - function of differ-
ence between energy and square of pulse of electron, which significantly simplifies inte-
gration of the expressions. 
 The following dependence of electron energy in the left and the right media adja-
cent to the barrier takes place: 
( )
cl
l
tz
l U
m
kkE +
⋅
+⋅
=
2
222
h
 
(2) 
( )
cr
r
tz
r U
m
E +
⋅
+⋅
=
2
222 ηηh
, 
(3) 
where kz, kt, ηz, ηt, - longitudinal and transverse wave vectors; ml, mr – effective 
masses of electron; Ucl, Ucr – levels of bottom of the conductive band. 
The standard method of tunneling Hamiltonian /18, pages 13, 19, 30/ gives the 
ability to identify only diagonal elements of Hamiltonian matrix, interfacing the states 
with equal energy. However, to consider the contribution of radiation and absorption of 
phonons into the tunneling current (depicted as diagrams in figs. 3-6), and to consider the 
corresponding virtual states, its needs to specify both diagonal and non-diagonal compo-
nents of the matrix of tunneling Hamiltonian, interfacing the states with different energy. 
To do this, we have to solve the problem in the following setup. 
 Let the potential energy U(z) prior to time t = 0 have the character of a step (see 
fig. 8 (b) below). 
 
 
Fig. 8 
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Shown in fig. 8 are the profiles of the potential topography, used for calculation of 
the tunneling Hamiltonian. 
 
 Fig. 8a) is a picture of rectangular barrier U0(z), for which the tunneling Hamilto-
nian is calculated. Ucb, Ucl, Ucr – are the bottom levels for conductive bands of the barrier 
and the adjacent media; mb, ml, mr  - are the effective masses of electron in the barrier and 
the adjacent media. 
 Fig. 8b) is the picture of the initial potential Ul(z), corresponding to the initial state 
of electron on the left of the barrier. 
 Fig. 8c) is a picture of potential Ur(z), for which the functions of the final state of 
electron, tunneling from the left to the right were calculated. 
 
Ul(z) = Θ(-z)⋅Ucl + Θ(z)⋅Ucb (4) 
 The initial state of electron is described by the wave function Ψlk(t,x), having the 
form of a standing wave at z < 0 and exponentially attenuating at z > 0. When wave func-
tions are cross-liked at the boundaries of the barrier, the difference of the effective masses 
of electron in the barrier is to be considered, as well as those on the left and on the right 
of the same. 
The perturbing potential V(t, x) effects the system being considered  
( ) )()(),( dztUUxtV crcb −Θ⋅Θ⋅−−=  (5) 
 Then, for t > 0 the potential relief takes the form of the barrier U0(z). To simplify 
calculations, the precise wave functions, corresponding to the potential shown in fig. 8a), 
and describing the electron on the right of the barrier, is approximated by the proper func-
tion Ψrη(t,x) of the potential from fig. 8c). 
The conditions of the task in the present setup allow to use the methods of non-
stationary theory of perturbations, which offers the ability to correctly define the speeds 
of transitions. To simplify the record, we will use the standard manner of consideration of 
wave function in the finite volume (with barrier area S), then direct this volume to infinity 
and further pass from sums to integrals. The wave functions will be written as: [ ]∑ Ψ⋅+Ψ⋅=Ψ
η
ηη ),()(),()(),( xttbxttaxt rkklk  (6) 
 Initial values of coefficients will be defined as follows: ak(0) = 1; bηk(0) = 0; 
0)0( =ka& . The task is to specify ).0(kbη&  Having substituted (6) into Schredinger equation, 
we will have, in a standard way, the following expression: 
klrk Vxd
ib Ψ⋅⋅Ψ−= ∗∫ ηη
3
h
&
 
(7) 
Making use of (7), and standard methods from (for instance. /42, с. 183/), the ve-
locity of elastic transition of electron through the barrier from the left to the right 0rlP&  
looks like: 
( ) ( ) ( )lrltrtrlrl EEkSTP −⋅−⋅⋅⋅⋅= δηδpipi 22200 22
h
&
 
(8) 
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Expression (8) considers, in its explicit form, energy conservation and the 
transverse pulse of electron. The process is described by the diagram presented in fig. 2 a.  
In this case the velocity of back transitions (diagram from fig. 2 b) turns to be 
equal to that of direct transitions 00 lrrl PP && =  (evidently, in this case equality of matrix ele-
ments 
2020
lrrl TT = can be stated). The explicit expression for the matrix element of the 
tunneling Hamiltonian has the following form: 
( ) ( )
( )
( )12
12
2
2
2222
2
222
22
2
0 )exp(4
rbrl
rbll
rrrzblllzb
rrrzlzb
rl
mm
mm
mmmkm
dkmT
χχ
χχ
χηχ
χχη
+
+
⋅
+⋅+
−⋅
=
h
, 
(9) 
where ( ) 222 tcllkllz kUEmk −−=
h
, ( ) 222 tcrrrrz UEm ηη η −−=
h
, 
( ) 222 2 trcbbr EUm ηχ η +−⋅=
h
, ( ) 222 2 trbbl kUUm +−⋅=
h
χ , ( ) 221 2 trcblr EUm ηχ η +−⋅=
h
,. 
It is easily demonstrated, that in case of equality of the effective masses, as well as 
of the initial and final energy, the matrix element (9) corresponds to the well-known ex-
pression /18, с. 14/. 
Making use of (8) and having integrated it for momentum space, we will have the 
dependence of the current going through the barrier from the left to the right 0rlj  о on 
Fermi levels Fl и Fr  :  
( ) ( ) [ ] 03
3
3
3
0 )(1)(
2
2
2
21 rlrrlklrl PEfEfdkdSj
&
⋅−⋅= ∫ ∫ ηpi
η
pi
, 
(10) 
where fl и fr – functions of Fermi distribution. 
 The similar expression can be used for current 0lrj  going through the barrier from 
the right to the left. The full current through the barrier in its zero approximation as to 
electron-phonon interaction, is equal to the difference 000 lrrln jjj −= . Current 00 =nj  at 
Fl=Fr.  
 Let us find the correction for the density of tunneling current, stipulated by elec-
tron-phonon interaction. Hamiltonian H for the whole system can be written as:  
treflefrl HHHHHH ˆˆˆˆˆˆ 00 ++++= , (11) 
where H0l, H0r, Hlef, Href, Ht – Hamiltonians of non-interacting electron and phonon 
sub-systems, Hamiltonian of electron-phonon interaction and the tunneling Hamiltonian, 
correspondingly.  
( ) ( ) qqDl lqkklkl aa
qdbbEkdH ++ ∫∫ += ωpipi
h3
3
3
3
0 22
ˆ
 
(12) 
( ) ( ) νννη ωpi
ν
pi
η
cc
dddEdH
Dr
rkkrr
++
∫∫ += h3
3
3
3
0 22
ˆ
 
(13) 
( ) ( ) )(22ˆ 3
3
3
3
+
−
+
+ −= ∫∫ qqkqk
Dl
lqlef aabbv
qdkdH
pipi
 
(14) 
( ) ( ) )(22ˆ 3
3
3
3
+
−
+
+ −= ∫∫ ννηνηνpi
ν
pi
η
ccddvddH
Dr
rref  
(15) 
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( ) ( ) [ ]ηη ηηpi
η
pi
dbkTbdkTdkdH klrkrlt
++ += ∫∫ ),(),(22
ˆ
3
3
3
3
, 
(16) 
where b+, b, d+, d, a+, a, c+, c – operators of creation and annihilation of electrons 
and phonons on the left and on the right of the barrier. Integration for wave vectors of 
phonons is done within Debye spheres Dl and Dr, vlq and vrν - potentials of electron-
phonon interaction. 
Tunneling velocity, in the first order of theory of perturbations, was essentially 
found above (expressions 8-10). Let us find the corrections of the second order to vectors 
of electron states )(tΦ , including the effects of both the tunneling Hamiltonian and the 
Hamiltonian of electron-phonon interaction on the initial vector. The following expres-
sion can be taken as an example: 
ktHtHdtdtit left
t
t )(ˆ)(ˆ)( 212
0
0 1
2 1
∫∫




 −
=Φ
h
 
(17) 
 
This expression describes the processes, shown in diagrams from fig. 3a) and fig. 
5a). Using the standard methods we can deduce the expressions for the velocities (per the 
unit of contact area) of the processes like ),( kP lrl η+& , including phonon radiation in the left 
semi-space, transition into the virtual state with the wave vector k-q, followed by tunnel-
ing into the finite state with the wave vector η: 
( ) ( ) ( ) ( )[ ]ttlqrlklqqlklk
lqrll
rl qkEEEE
vqkT
kP −−⋅−−
−−
−
=
−
+ ηδpiωδ
ω
ηpiη η 2
2
2
22
2
),(2),( h
hh
&
 
 
(18) 
It is essential, that in the present case only the transverse pulse is preserved along-
side with energy. The longitudinal pulse, due to interaction of electron with the barrier, is 
not preserved. This circumstance significantly changes the conditions, in which phonon 
radiation is studied, as compared to the case, when electron moves in homogeneous me-
dium. 
Making use of (18) we will have the constituent of the current density, stipulated 
by the processes, looking like the ones presented in fig. 3 a: 
( ) ( ) ( ) [ ] [ ] ),()(1)(1)(2222 3
3
3
3
3
3
kPgEfEfqddkdj lrllqrrlkl
Dl
l
rl ηω
pipi
η
pi
η
++
⋅+⋅−⋅= ∫∫∫ &h , (19) 
where g – the function of Bose distribution. 
The complete correction to tunneling current, stipulated by the processes of elec-
tron-phonon interaction of the first order, depicted in figs. 3-6, can be written as the sum 
of expressions like (18), (19) as: 
−+−+−+−+
−−−−+++= llr
l
lr
r
lr
r
lr
r
rl
r
rl
l
rl
l
rln jjjjjjjjj1 , (20) 
Evidently, in this case the symmetry, characteristic of 0nj  is absent. 
 
Let us consider, for instance, the process, presented as diagram from fig. 3a). Elec-
tron on the right of the barrier with the initial wave vector k (and energy Elk) radiates the 
phonon with energy ωh lq, transits into virtual state with energy Elk-q, and tunnels into the 
finite state on the right of the barrier with energy Er. The reverse in time process is de-
picted as diagram from fig. 6b). However, the current component +lrlj  differs from −llrj  
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since in the first case the integral has multiplier [ ])(1 lqg ωh+ , whereas in the 
second case it is )( lqg ωh . The difference is obviously related to the fact, that in the first 
case radiation of phonon is possible, into “phonon vacuum” including, whereas for the 
second case to be realized the presence of “phonon gas” is required. Above all, due to the 
difference of the effective masses ml и mr on the left and on the right of the barrier the 
matrix elements Tη,k-q и Tk-q,η, at unequal initial and final energies become different, 
which can be proved by integration (7). The process, similar to the one depicted in Fig. 
3a) is the process from fig. 3b). However, due to different dispersion characteristics of 
phonons on both sides of the barrier, sub-integral multipliers [ ])(1 lqg ωh+  and [ ])(1 rqg ωh+  
will also differ. Above all, the Debay spheres, according to which integration is per-
formed, will not coincide; matrix elements Tηk-q и Tkη-q observed as different as well. 
In fig. 9 the contribution of elastic and inelastic components into the density of 
tunneling current, going from the left to the right and from the right to the left though it, 
is depicted as well as the summarized density of tunneling current. 
 
 
 
a) 
 
 
 
b) 
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c) 
 
Fig. 9 
 
Thus, as opposed to tunneling of non-interacting electrons, electron-phonon inter-
action even of the first order, as considered in anisotropic hetero-structures, results in the 
tunneling through he barrier 10 nnn jjj +=  turning to be equal to zero at Fl=Fr. Equality of 
currents is achieved at the shift of Fermi levels for some value V0. As it follows from cal-
culation results, presented in fig. 10, the value and the sign of V0 depend on temperature. 
 
 
a) 
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b) 
 
Fig. 10 
Fig. 10a) shows volt-ampere characteristics of GaAs/AlyGa1-yAs/AlxGa1-xAs. The 
level of replacement of gallium by aluminum in the barrier – y=0.36, replacement of gal-
lium by aluminum in the right semi-space – x=0.03; in this case the height of the barrier is 
400 meV, elevation of the conductive band on the right of the barrier is 30 meV, barrier 
thickness is 20 Angstrom. Calculated data are presented for temperature T = 100 K, 200 
K and 300 K. In fig. 10b) the shift of Fermi levels (electromotive force) for the present 
structure versus temperature is presented. 
 
Estimation of tunneling current via quantum dots. 
Let us find how electron energy changes in a spherical potential pit, stipulated by 
polarization of lattice. Hamiltonian of electron interaction featuring wave function Ψd(x) 
with the polarizing lattice can be written as:  
1
1
1
33 )(ˆ)(
ˆ
xx
xx
xdxdH feef
−
⋅
= ∫ ∫
ρρ
, (21) 
Electric discharge ρf, stipulated by polarization of lattice, can be expressed in a 
standard way (see, for instance /35, 36/) via operators of annihilation and creation of pho-
nons a and a+ : 
Pdivf ˆˆ −=ρ  (22) 
( ) ( ) )exp(22ˆ 3
3
xqiaaqdiP qq
qq
⋅−⋅=
+
−∫ µµµ ωγpi
h
 (23) 
2)(xe de Ψ−=ρ  (24) 
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where ε0 и ε∞ are static and optical dielectric permittivity of medium. 
Using (21-25) we have the following expression for the Hamiltonian Hef: 
( ) ( ) )exp()(224ˆ
23
23
3
xqixxdaa
q
qqd
eH dqq
qqLd
ef ∫∑ ∫ Ψ⋅−⋅⋅−=
+
−µµ
µ
µ ωγpi
pi
h
 (26) 
Change of electron energy, stipulated by polarization of ion lattice (radiation and 
absorption of virtual phonons), can be found in the second order of theory of perturba-
tions: 
( )∫ ⋅−=∆ Ld q
efef HqqHqdE
ωpi h
0ˆˆ0
2 3
3
 (27) 
Let electron stay in a spherical potential pit with r0 radius in the basic state, featur-
ing energy E0 (fig. 11). Then its wave function depends only on radius r and has the fol-
lowing form:  
[ ]{ })(exp)sin()()sin()()( 000000 rrkrrrkrrr
r
A
r −⋅−⋅⋅−+⋅−⋅=Ψ χθθ , (28) 
where A – normalization factor. 
Parameters k и χ0 are defined by the expressions: 
0)( 0 =+ χ
kkrtg  (29) 
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It can be shown in this case, that: 
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Fig.11 
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E0 – the level of energy of the localized state of electron in the potential pit 
without medium relaxation taken into consideration; Ef – the level of energy of the local-
ized state of electron in the potential pit after medium relaxation; νdl, νld, νdr, νrd – fre-
quencies of the direct and reverse electron transitions from the adjacent to the bar-
rier media into quantum dot. 
In fig. 11 the energy diagram of the barrier, containing the potential pit (quantum 
dot) is shown. The potential pit is assumed to be spherically symmetrical with r0 radius. 
The minimum distance from the pit surface to the boundary of the left semi-space is d1, to 
the right semi-space – dr, Ucr, U0, U′0, Ub – bottom levels of the conducting bands of the 
left and the right semi-spaces, the pits being in the initial relaxed state; the level of the 
bottom of the conductive band of the barrier E0 is energy level of the localized state of 
electron in the potential pit, medium relaxation not considered for. Ef is energy level of 
the localized state of electron in the potential pit after relaxation of medium. νdl, νld, νdr, 
νrd  are frequencies of the direct and backward transitions of electron from the adjacent to 
the barrier media to the quantum dot. 
 
Thus, in case of quite a big “lifetime” of electron in the localized state τd, so, that 
the quantum uncertainty of energy ∆E∼h/τd<<|E∆| and the bigger lattice relaxation time 
(∼1/ωq), the difference of energies of localized state has to be observed, to which electron 
“comes” and from which the same “leaves” (energy levels E0 and Ef , fig.11). 
Let us consider the process of electron exchange of quantum dot with the adjacent 
to the barrier electrically conductive media. We will assume, that electron may be in the 
following states: a) on the left of the barrier, in state Ψlk(x); b) on the right of the barrier 
in state Ψrη(x); c) in the potential pit, in the initial state Ψ0(x) (without polarization ion 
lattice); d) in the potential pit, in the final state Ψf(x) (after polarization of ion lattice by 
the field of polarized electron). In the last case it can be assumed, that the wave function 
of electron has the form (28), but parameter χ0 is to be exchanged for χf: 
 
( )( )
h
∆+−⋅
=
EEUm bb
f
02χ  (33) 
Since E∆<0, then χf>χ. Correspondingly, the wave function of electron, staying in 
the deeper potential pit, attenuates quicker. 
Following the method of tunneling Hamiltonian, the matrix elements of electron 
transition from the left to the right into the quantum dot - Tlk and Trη, correspondingly, 
can be determined, as well as those for electron escape from the quantum dot - Tkl and 
Tηr. Obviously, in the first case we have to use functions Ψlk(x), Ψrη(x) and Ψ0(x), 
whereas in the second case - Ψlk(x) Ψrη(x) and Ψf(x). For transition of electron from the 
left semi-space to the localized state on the quantum dot we will have: 
( ) ( ) ( ) ( ) ( )ρt
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h
, (34) 
where ρ  - radius-vector in plane z = 0 or z = d. 
Similarly the last matrix elements are determined: 
 27 
( ) ( ) ( ) ( ) ( )ρηηηη t
dz
r
r
b
r i
z
r
z
z
z
rdS
m
T exp
2
0
0
2
⋅





∂
Ψ∂Ψ−
∂
Ψ∂
Ψ−= ∫
=
h
, (35) 
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By using matrix elements (34-37) we can find the frequencies of electronic ex-
change of quantum dot with the adjacent to the barrier media. With the changed for E∆ 
value electron energy in pre-exponential multipliers and distribution functions neglected, 
we will have: 
( ) ( )ldldl ff ανν −⋅−⋅⋅= exp10 , (38) 
( ) ( )lldld ff βνν −⋅−⋅⋅= exp10 , (39) 
( ) ( )rdrdr ff ανν −⋅−⋅⋅= exp10 , (40) 
( ) ( )rrdrd ff βνν −⋅−⋅⋅= exp10 , (41) 
where ( )
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ν , ( )0Eff ll = , ( )0Eff rr = , ll d⋅= 02χα , 
lfl d⋅= χβ 2 , rr d⋅= 02χα , rfr d⋅= χβ 2 , df  - probability of occupation of quantum dot. 
In a stationary state the following equality has to be met: 
rdlddrdl νννν +=+ , (42) 
The current through quantum dot is defined by the following differences: 
drrdlddlj νννν −=−=1 , (43) 
Making use of (42) one can find df  
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, (44) 
Let the surface density of quantum dot be equal to NdS. Then the final expression 
for density of the current going through the barrier can be written as: 
( ) ( ) ( )
( ) ( ) ( ) ( ) ( )
rrllrrll
lrlrrlrl
dSd ffff
ffffNj ββαα
βαβα
ν
−⋅−+−⋅−+−⋅+−⋅
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=
exp1exp1exp)exp(
exp1)exp(1
0 , (45) 
As it follows from (45), with relaxation of the lattice absent, when αl = βl and αr = 
βr, the equal to zero current settles at Fl = Fr. However, at asymmetrically located quan-
tum dots, when dl ≠ dr and with relaxation considered for, when αl ≠ βl и αr ≠ βr, the equal 
to zero current jd settles at Fl ≠ Fr. 
The above processes can take place at the background of non-correlated with the 
electron under consideration “symmetric” thermal fluctuations of the barrier height, and 
the probable spatial technological inhomogeneity.  
 
Simulated example of bi-stable asymmetric barrier system. 
One more example of presence of asymmetry of probability of backward transi-
tions of particles through the barrier in anisotropic structures in classical systems can be 
made. Anisotropy of transparency may happen in the case, for instance, where the barrier 
is represented by bi-stable asymmetric system, for which the ability of smooth transition 
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to one or another option of state depend on the initial conditions. Let the barrier be 
the system of two spatially separated ion layers of different mass and value of elastic 
forces. It can be expected, that the sample particle, moving from the ion layer with lower 
mass (higher elastic mobility), compresses the barriers, thus forming the high value of the 
maximum potential. As it moves from the ion layer with higher mass (lower mobility), the 
particle moves the barriers apart (moving apart the light and mobile ions), - in this case 
the barrier is lower in height. Should the critical parameter be exceeded, which, in this 
case, are particle coordinates, the jump transition into the alternative branch of states oc-
curs. 
Occurrence of anisotropy of transparency can be exemplified by the model of dou-
ble barrier. Let the first barrier be immovably fastened in the origin of coordinates and 
have the interaction potential Ua(x) with the incident particle. 
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The second mobile barrier forms the potential Ub(x,y) 
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where y – the coordinate of the barrier tip. 
Elastic properties of the barrier are characterized by the function of potential sys-
tem energy versus coordinate y. 
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 In expressions (46-48) values U0 , Uc0 , a- are parameters, d – coordinate of the tip 
of mobile barrier in the absence of exterior effects.  
 Let a particle be approaching the system under consideration. Then its potential 
energy will be Usi(x,y)=Ua(x)+Ub(x,y), and parameter i may take values 1 and 2, depend-
ing on the direction. Coordinate “y” can be found from the condition of maximum of 
summarized potential energy of the mobile barrier at the specified coordinate of particle 
“x” - Uf(x,y)=Ub(x,y)+Uc(y). Simulating calculations were performed for parameters 
U0=1, Uc0=1, a=1, d=5. Let us assume, that the particle approaches the barrier from the 
left side. Then the coordinate of the mobile barrier corresponds to the minimum of the 
right potential pit Uf(x,y) (fig.12а). Here the particle potential corresponds to the curve 
Us2 (fig. 12b). In point x≈9.1 the barrier collapses into the left potential pit, the potential 
of the particle dropping spasmodically. Maximum of the potential barrier Umax1≈1.2 is 
achieved in this case in point x ~ 0. When the particle approaches the barrier from the 
right, the mobile barrier is initially located in the left potential pit. The particle potential 
corresponds to the curve Us1. In point x ~ 9 the barrier collapses into the right potential 
pit. Maximum of the potential barrier Umax2≈1.6 is reached in point x ~ 0.9. 
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Fig. 12 a) is the potential energy of mobile barrier versus the coordinate of the in-
cident particle. Fig.12 b) presents the dependencies of the potential energy of the incident 
particle when it reaches the double barrier from the side of the mobile barrier (curve Us1), 
immobile barrier (curve Us2) and at the condition stating that both barriers are immobile 
(curve Us). 
 Thus, the energy interval occurs, in which particles can move only in one direc-
tion. This illustrates probability of absence of reversibility of motion in the mechanical 
system incorporating classical particles. 
 
Factors, stipulating asymmetry of micro-transitions. 
 The following factors, stipulating asymmetry of micro-transitions though the bar-
rier in anisotropic semi-conductor systems can be enumerated: 
1. Asymmetric effect of correlating charges of the particle, crossing the potential bar-
rier, on its height for direct and backward transitions, stipulated by the finite time 
of their relaxation; 
2. Asymmetry of contribution into the summed current of inelastic tunneling proc-
esses, accompanied with radiation and absorption of quasi-particles and stipulated 
by the difference of spectral and statistic characteristics of the adjacent to the bar-
rier bosonic sub-systems. 
3. Anisotropic relaxing structure of the barrier per se. 
It follows from the above, that strictly speaking, in any spatially inhomogeneous 
systems of interacting particles the precise thermodynamic equilibrium in stationary state, 
which is understood in terms of equality of medium values of thermodynamical parame-
ters, is never achievable. In the majority of cases the difference between stationary and 
equilibrium states can be neglected. For instance, according to calculations, at character-
4.17
0.218
Uf x y,( )
155− y
 
4.124
0.355
Uf x y,( )
155− y
 
4.1
0.606
Uf x y,( )
155− y
 
4.124
0.355
Uf x y,( )
155− y
 
4.17
0.218
Uf x y,( )
155− y
 
x=0.8 x=3 x=5 x=7 x=9.2 
a) 
Double barrier
0,2
0,4
0,6
0,8
1,0
1,2
1,4
1,6
-1 0 1 2 3 4 5 6 7 8 9 10
x
Po
te
n
tia
l Us1
Us2
Us
 
b) 
 
Fig. 12 
 30 
istics values of parameters of the modern Schottki diodes, featuring the required for 
occurrence of  the effect anisotropy, stationary shift of Fermi levels, separated by metal 
barrier and semiconductor, is equal to practically not observable value ~ 10-20 eV. How-
ever, in media with specially formed structure this difference can produce observable ef-
fects, which may be even of commercial validity. 
Essentially, hysteresis of the potential barrier follows from the well-known princi-
ple of Frank-Condone /27, page 372/, according to which electronic transitions are so 
fast, that the medium is not capable to trace them. This circumstance results, for instance, 
in the shift of spectral lines of absorption and radiation of F-centers in solid states. The 
close to the character relaxation effect takes place in ionization-recombination processes 
/28, page 105/, where at some certain parameters of plasma ionization of a neutral mole-
cule occurs in the Coulomb field, whereas recombination – in the Debye one, which of-
fers the corresponding corrections to the cross-sections of ionization and recombination. 
It is quite essential, that, as opposed to the above processes, asymmetry of transitions be-
tween micro-states is spatially directed in anisotropic hetero-structures during tunneling. 
 
Analysis of applicability of the second law of thermodynamics to the phenomena under 
consideration. 
Since the phenomena under consideration tackle the second law of thermodynam-
ics, their more profound statistic substantiation has to be given. 
 The basic assumption of statistic thermodynamics is the postulate of a-priori 
equiprobability: the closed system can be in any admissible quantum (microscopic) state 
with equal probability /5, page 31/. To follows, in particular, from this, that in equilibrium 
state the system has to possess maximum entropy as the logarithm of the number of mi-
cro-states. From the viewpoint of statistics it is more correctly to say, that some state, 
characterized by certain microscopic parameters (temperature, pressure, etc.) is observed 
more often and is accepted as the equilibrium one, because of the biggest number of mi-
cro-states corresponding to it. 
 Deviation of parameters from equilibrium values (fluctuations) correspond to 
lower number of admissible micro-states, and it is notable, that the less number of micro-
states correspond to some fluctuation, the more rarely it is observed. It is worth mention-
ing, that in the basic assumption the trustworthy of the principle of detailed equilibrium is 
stipulated: only the numbers of micro-states are considered, but the intensity of transitions 
between them is concealed. Evolution of non-equilibrium systems, described by the ki-
netic equation (for gases, for instance), is accompanied with growth of their entropy /30, 
page 26/. It is essential, that to prove this assumption, known as H-theorem of Boltzmann, 
the principle of detailed equilibrium is used, expressing some certain symmetry of transi-
tions in the system. In its turn, the above symmetry occurs as a result of disregard of cor-
relation of particle distribution /31, page 173/. 
 Meanwhile, in the process of transition through the barrier a carrier interacts with 
the long-ranging field of the relaxing system (correlation coat), the state of which de-
pends on pre-history of the process and, correspondingly, on the direction of motion and 
carrier energy. This makes the situation different from the simple processes of particle in-
teraction – their dissipation, described by the symmetric with regard to reversal of time 
sign equations of classical and quantum mechanics. 
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 The effect under consideration also occurs as a result of correlation of motion 
of a single microscopic particle (electron) taken into consideration, with all the entire en-
semble of particles, forming the relaxing medium, undergoing evolution. Thus, the sys-
tems with asymmetric barriers are not covered with H-theorem of Boltzmann and the sta-
tionary state in them does not correspond to the equilibrium one. 
Let us point, that figuratively speaking in the system under consideration anisot-
ropic barrier plays the role of the so-called “Maxwell demon” /32. page 138/, “trapping” 
the particles, flying to one side, and letting them go, if they fly to another side. The prob-
lem, pronounced as far as in 1871, still remains acute /52/. 
 In /33/ the situation with ”Maxwell demon” is analyzed and it is stated, that in the 
conditions of thermodynamic equilibrium of electromagnetic field (radiation) with a sub-
stance (particles) the “demon” will be blind, just as in the case, when radiation is absent 
at all. The cloud of light, coming from all the directions will take place, giving no indica-
tion of either dislocation or speed of the particles. So, the “demon” would not be able to 
let the particles through in a purposeful manner. 
 It is deemed, that in the analysis, mentioned above, some inaccuracies are present. 
Firstly, in spite of the equilibrium character of the averaged in time electromagnetic field, 
its fluctuations should be correlated with the motion of electrically charged particles. 
Consequently, the “demon” or some electronic device, playing its role, will not be abso-
lutely blind in the conditions considered. 
 Secondly, the “demon” is apprehended as something exterior with respect to the 
medium, containing particles. Thus, to be ruled according to the exterior with respect to 
the medium laws, it has to receive information, process it and act somehow: change the 
exterior conditions in a purposeful manner. It was proved, however, that with relaxation 
in anisotropic structures considered for, the above “demonic” properties are the attribute 
of the medium per se. Asymmetry of transparency in this case occurs in compliance with 
the interior or the proper laws of particle motion in a medium. It follows, that in this spe-
cific case the “informational” substantiation of impossibility of the processes, accompa-
nied with the decreasing entropy, is incorrect /34, page 398/. 
The shift of thermodynamical parameters can be identified with a model system 
taken as example, consisting of two similar vessels of V volume containing N particles of 
the ideal gas and contacting via the transparent barrier. Permeability of the barrier is de-
scribed by functions νrl и νlr – average frequencies of particle transitions with p pulse 
from the left to the right and vice versa. All the system is thermally insulated so, that its 
full energy 2E is preserved. Let us assume, that particle interchange is weak and gas den-
sity is low, i.e. distribution of particles as to their energy in each system follows the 
Boltzmann law. In case the frequencies νrl и νlr are equal, we have a standard task of the 
two systems with the diffusion contact between them (see, for instance /24, page 67/). 
Their stationary state, corresponding to maximum entropy, is characterized by equality of 
temperatures and chemical potentials (Fermi levels). 
Being assumed is that νrl ≠ νlr . Then, the stationary state of the system shall be 
identified using the kinetic equations for the particle flux and energy flux through the bar-
rier, provided that the full number of particles and full energy are preserved.  ( ) ( ) ( )[ ]∑ =−⋅⋅−−⋅⋅=−=
p
rplprllprplrrl ffpffpNN 011)( νν&&  (49) 
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Thus, the system, consisting of 4 equations results, used to identify 4 unknowns – 
F1, F2, T1, T2. The frequency of transitions can be presented as: ( ) pprl p γνν +=  (53) 
( ) pplr p γνν −=  (54) 
Then, provided that flp<<1, frp<<1, (49, 50), the following can be deduced: ( ) ( )∑∑ +⋅=−⋅
p
lprpp
p
lprpp ffff γν  (55) 
( ) ( )∑∑ +⋅⋅=−⋅⋅
p
lprppp
p
lprppp ffff εγεν  (56) 
 Let us assume, that the parameters, characterizing, for instance, frequencies of 
transitions, are not dependant on particle energy, which in reality is never observed, but 
gives the illustrative and qualitatively proof results νp=ν=const, γp=γ=const. Then, taken 
(55, 56) as a basis, we have: 
( ) ( )lrlr NNNN +⋅=−⋅ γν  (57) 
( ) ( )lrlr EEEE +⋅=−⋅ γν  (58) 
 Thus, in the present case we have Nr=N⋅(1+γ⁄ν), Nl=N⋅(1-γ⁄ν), Tl=Tr, S=S0 - 
N⋅(γ⁄ν)2, where S0 is entropy of the system at anisotropic transparency of the barrier. Ani-
sotropic transparency of the barrier results in the reduced value of entropy of stationary 
state of the system, as compared to the maximum value, corresponding to thermodynami-
cally equilibrium state, which is an attribute of isotropic barriers. The chaotic thermally-
governed particle motion is self-organized into the directed motion. This circumstance 
makes it possible the effective work to be realized due to thermal energy of particles. It 
has to be pointed here, that in the present model, due to similar energy spectra of particle 
fluxes, overcoming the barrier, the temperatures of all the sub-systems turn to be equal. 
 The effect of anisotropic transparency of barriers will not contradict the second 
law of thermodynamics, if the wording of the last is itemized, the basic postulate of statis-
tic thermodynamics included into the same, in particular as follows: 
”If a closed system can stay with the equal probability in any admissible micro-
scopic state, and if the same system, at some moment of time, changes for non-
equilibrium macroscopic state, then the most probable result in the upcoming moment 
of time will be the monotonous growth of entropy of this system”. 
Then, due to asymmetry of frequencies of the contrary transitions of electrons 
through the barrier, the equal probability absent, as a consequence, the system under 
consideration turns to be outside the effect of the second law of thermodynamics in its 
clarified wording. Thus, in the processes being considered no contradictions with the 
above physical law are present, if the boundaries of its applicability are specified more 
strictly. 
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The effect of barrier anisotropy: estimation of its observable parameters in a quanti-
tative manner. 
 
 To estimate the parameters, stipulated by anisotropy of the barrier in a quantitative 
manner, one has to write the expression for the current going through the barrier as a 
function of electrochemical potential, temperature and parameters of the lattice. 
 The following physical model will serve as the basis for selection of the option, 
used to implement the effect under consideration in practice and to identify its commer-
cial applicability: 
1.  A closed circuit, consisting of electrically conductive medium, separated by the poten-
tial barrier and asymmetrically located quantum dots is present (see fig.11). For illus-
trative purposes the pictures of the medium are separated symbolically into 2 parts (("l" 
and "r") and are assumed to be cross-linked at their boundaries. 
2.  Equality of current jn to zero in the circuit in stationary state of the system is not as-
sumed a-priori. It is only assumed, that the current in the barrier and media l and r is 
equal.  
3.  Temperature of T-ion and electron sub-systems is equal all over the circuit. Thus, 
rather high thermal conductivity of ion lattice is assumed as well as the comparatively 
low-intensive electron exchange of media through the barrier. In particular, it is being 
assumed, that each particle tunnels independently. Corrections to current density, stipu-
lated by temperature difference of sub-systems with asymmetric micro-transitions, can 
be easily found. 
4.  To simplify calculations, non-degenerated semiconductors are considered, thus distri-
bution of electrons as to energy in each of the media is assumed to be of Boltzmann 
character. 
 Let us specify the stationary state of plasma. Being assumed is that before they 
were locked into the loop through the barrier, the media contained n0 of free electrons, 
correspondingly. Then, Poisson equation for electric potential ϕβ and the expression for 
particle flux density jn, considering for the drift and diffusion components, will have the 
following form (index β may take values “l” or “r”): 
( )2 2 4 o
o
e
n n
z
β
β
ϕ pi
ε
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= −
∂
 (59) 
n
nj n D
z z
β β
β
ϕµ ∂ ∂= ⋅ − ⋅
∂ ∂
, (60) 
 where εo, µ D – static dielectric permeability, mobility and diffusion coefficient, 
correspondingly; nβ - density of electrons. 
 Making use of (59, 60) the coordinate dependence for the bottom of conductive 
bands and Fermi energy can be found: 
( ) ( ) ( ) exp( ) 1cl cl
D
z dU z U d z d C
L
γ  += − − ⋅ + − ⋅ − 
 
 (61) 
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−
= − ⋅ − + ⋅ − −  
  
 (62) 
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( ) ( ) ( )Fl FlE z E d z dγ= − − ⋅ +  (63) 
( ) ( ) ( )Fr FrE z E d z dγ= − ⋅ − , (64) 
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 Density n0 can be written as: 
0
0 expCn N T
ξ 
= ⋅ − 
 
, (65) 
 where NC – density of the number of states, ξ0 – chemical potential. 
Then, the density of mobile electrons versus coordinates will look like: 
0
0
( )( ) exp c FU z En z n
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β β
β
ξ − + 
= ⋅  
 
 (66) 
 To determine the stationary state of the system 6 constants are to be identified: jn, 
EFl(0), EFr(d), Ucl(0), Ucr(d), C. This can be done, using the boundary conditions (see fig. 
13), the condition of preservation of electric charge and expression (45) for the current 
going through quantum dots. Density of electric charge inside the barrier is being ne-
glected. 
( ) ( ) ( ) ( )( ) ncrclFrFld jdUUdEEj =,0,,0  (67) 
0( ) ( )Fr crE L U L ξ− =  (68) 
( )( )Fl FrE L E L− =  (69) 
( ) ( )cl crU L U L− =  (70) 
( ) ( ) ( ) 0
0
2cr cl cl
b
U d U d U d dε
ε
′= − + − ⋅ ⋅  (71) 
( ) 0crU L =  (72) 
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In fig. 13 energy diagrams for hetero-structures with the tunnel barrier are de-
picted. 
In fig. 13a) a hetero-structure with the barrier, featuring isotropic transparency is 
presented with the specially selected (equal to F) Fermi levels of all the media, which 
stipulated the absence of distortion of the bottom of the conductive band in the vicinity of 
the barrier. 
In fig. 13b) a hetero-structure with the barrier, transparency of which for tunneling 
of electrons is higher from the left to the right, than in the opposite direction, is presented. 
The rear surfaces of the adjacent to the barrier media (planes A-A’ and B-B’) are assumed 
to be electrically disconnected. Stationary state in this case (equal to zero current through 
the barrier) is achieved, when Fermi levels of the adjacent to the barrier media Fl and Fr 
shift for ∆0 value. 
Fig. 13c) presents a hetero-structure with the barrier, transparency of which for 
electron tunneling is again higher from the right to the left than in the opposite direction. 
However, the rear surfaces of the adjacent to the barrier media (planes A-A’ and B-B’) 
are assumed to be electrically connected in this case. The stationary state here is achieved 
when Fermi levels of the adjacent to the barrier media Fl and Fr shift for ∆ value and at the 
current, going through the barrier, which is not equal to zero. 
From the viewpoint of electrical engineering, the anisotropic barrier exhibits itself 
so, that the volt-ampere characteristic of such a structure does not go through a zero point. 
This means, that this structure can be characterized with the interior resistance R0 and the 
shift of electric potential (electromotive force) V0. It can be written from the above: 
( )0
0
1
dj U VR= ⋅ +  (73) 
( ) ( )Fl FreU E d E d= − −  (74) 
 With the system of equations (67-72) solved and with consideration for current 
(73) the current in the circuit will look like: 
0
0
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⋅
 (75) 
 Maximum energy release in the load (electrically conductive medium) Pm is 
achieved at the condition (76) observed: 
0 0n R Lµ ⋅ ⋅ =  (76) 
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Estimation of current in the barrier with quantum dots. 
Let us consider the device based on heterojunction structure GaAs – AlxGa1-xAs 
with quantum dots InAs as the first variant of technical implementation of the effect of 
anisotropic transparency of the barrier. The parameters of the materials involved are taken 
from /38, 47/.  
Being assumed is that T = 300 K. The levels of gallium substitution with alumi-
num in the barrier x = 0.2, the height of the barrier being Ubc = 200 meV. Also assumed is 
that one of the quasi-stationary levels of electron in quantum dot E0 (fig.11) does not ex-
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ceed the level Uc for more than kT value (where k is Boltzmann constant). 
Quantum dots are located in the barrier asymmetrically: dl = 40 Å, dr = 50 Å. Density of 
the carriers in the adjacent to the barrier media is n0 ∼ 1017 cm-3. It follows then, that E∆ ≈ 
5meV, ν0 ≈ 1015 s-1, χ0 ≈ 6.52⋅106 cm-1, χf ≈ 6.61⋅106 cm-1, αl ≈ 5.22, βl ≈ 5.29, αr ≈ 6.52, 
βr ≈ 6.61. Density of quantum dots per unit of area is Nds = 1011 cm-2. 
For the closed circuit the calculated electromotive force (stationary shift of Fermi 
levels at the barrier) is U0 = 0.39 mV, R0=1.4⋅10-5 Ohm⋅cm2, current j = 14 A/cm2. The 
maximum energy-conversion efficiency in this case per one layer of the structure of the 
transformer is Pm ≈ 5 mW/cm2. Having assumed, that the thickness of one layer of the 
transformer Н ≈ 5⋅10-6 cm, the specific energy-conversion efficiency will be Q = Pm/H ≈ 1 
kW/cm3. 
 
Estimation of current in anisotropic hetero-structure. 
Let us consider anisotropic structure GaAs/AlyGa1-yAs/AlxGa1-xAs as the second 
option for implementation of the effect of anisotropic transparency. The level of substitu-
tion of gallium with aluminum in the right semi-space is x = 0.03, the height the barrier 
being 400 meV, elevation of the conductive band on the right of the barrier being 30 
meV, the thickness of the barrier 20 Angstrom.  
As it follows from calculation results, presented in fig. 10, the effect of inelastic 
tunneling, at the condition of asymmetry of phonon spectra, results, at temperature T = 
300 K, in electromotive force at the barrier V0 = 2,5 mV, the specific resistance of the 
barrier being R0 = 4⋅10-6 Оhm⋅cm2. In this case the maximum energy-conversion effi-
ciency per one layer of the transformer structure will be Pm ≈ 3 W/cm2. 
 
Application options for the effect of anisotropic transparency. 
The structures, featuring the commercially valuable energy-transformation proper-
ties, can be made of the materials, base on semiconductor heterojunction structure; con-
tacts like metal-semiconductor of the locking type; structures like metal-dielectric-semi-
conductor, as well as from another inhomogeneous media. In this case both mono-polar 
and bi-polar (electron or hole) exchange of media with carriers can be used. 
 The technology, used to produce energy transformers, implies basically the conse-
quent application of the layers of semiconductor and metal materials on a substrate. This 
can be done by thermo-vacuum, ion-plasma or magnetron deposition /39, page 290/ or by 
methods of gaseous or liquid-phase epitaxy /40, page 503/. 
 
Fig. 14 
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In fig. 14 a schematic variant of the device, based on the effect of barrier 
anisotropy is depicted. Symbols “l” and “r” stand for electrically conductive physically 
different layers of semiconductor (differing by correlation energy and (or) time of relaxa-
tion of carriers). Symbol “i” stands for tunnel-transparent barrier at heterojunction struc-
ture. Symbol “c” stands for the layer of metal, providing the ohm contact; H and S are 
thickness and area of cross-section per one layer of the transformer. 
 
 Due to high specific energy-conversion efficiency the area of commercial applica-
tion of the effect under consideration can be very wide: from the inbuilt supply sources to 
ecologically friendly fuel-free transportation means and power stations. The effect of 
temperature decrease of the operating body of the transformer can be of a separate inter-
est and can become topical in view of development of cooling system of various types, 
the ones, used for the elements of computerized machinery including. 
 
Allied problems. 
Study of possibility of processes with asymmetric micro-transitions, resulting in 
regulation and self-organization of particles in space under the natural conditions is of 
substantial scientific and technological interest. 
Examination of non-local effect of correlating charges on the motion of charged 
particles in the relaxing system without barriers, but with the gradient of parameters, 
somehow essential for formation of correlation charges, is the endeavor, close to the topic 
of this paper. Inhomogeneous plasma can be taken as example. In this case the particles, 
staying in one plane, and having the equal but oppositely directed velocity along the gra-
dient of medium parameter, should feature different energy due to the differently relaxing 
correlation charges. 
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